Design and Synthesis of Arsenic-loaded Nanomedicines for Tumor Therapy by 张宗珺
  
学校编码：10384                                分类号      密级        
学号：20520131151683                                        UDC       
 
 




Design and Synthesis of Arsenic-loaded Nanomedicines for 




指导教师姓名：高 锦 豪  教授 
专 业  名 称：化 学 生 物 学 
论文提交日期：      年    月 
论文答辩时间：      年    月 
学位授予日期：      年    月 
 
 
答辩委员会主席：              

















   
 




A Dissertation Submitted to the Graduate School in Partial Fulfillment of 
















































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的




声明人（签名）：       







































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 






声明人（签名）：      
































目 录  
摘 要……. .................................................................................. ….….I 
Abstract... .......................................................................................... III 
第一章 绪论 ...................................................................................... 1 
1.1. 抗肿瘤药物运载体研究······························································· 1 
1.2. 无机纳米药物运载体系的应用 ····················································· 2 
1.2.1. 二氧化硅纳米运载体................................................................................ 2 
1.2.2. 金纳米药物运载体的应用........................................................................ 4 
1.2.3. 碳纳米管药物运载体的应用.................................................................... 5 
1.3. 功能化修饰纳米运载系统的应用 ·················································· 6 
1.4. 触发响应型纳米运载系统的应用 ·················································· 9 
1.4.1. pH 诱导的药物运输................................................................................ 10 
1.4.2. 氧化还原触发型药物运输...................................................................... 12 
1.4.3. 酶触发型药物运输.................................................................................. 13 
1.5. 多功能纳米运载体系 ································································· 14 
1.5.1. 纳米运载体构建诊断治疗一体平台...................................................... 14 
1.5.2. 纳米运载体构建联合治疗体系.............................................................. 15 
1.6. 本论文的选题依据和研究内容 ···················································· 16 
1.7. 参考文献 ················································································· 17 
第二章 基于砷剂纳米药物体系的构建及肿瘤治疗 ........................ 22 
2.1. 引言 ······················································································· 22 
2.2. 实验部分 ················································································· 23 
2.2.1. 实验仪器.................................................................................................. 23 
2.2.2. 实验试剂.................................................................................................. 24 
2.2.3. 实验步骤.................................................................................................. 24 
















2.3. 结果与讨论 ·············································································· 27 
2.3.1. 亚砷酸镍纳米复合物的合成与表征...................................................... 27 
2.3.2. NiAsOx@SiO2 纳米药物运载系统的合成与表征 ................................. 28 
2.3.3. NiAsOx@SiO2 纳米药物运载系统的酸性释放 ..................................... 30 
2.3.4. NiAsOx@SiO2 纳米药物表面两性离子修饰 ......................................... 32 
2.3.5. NiAsOx@SiO2 纳米药物进入细胞的途径 ............................................. 33 
2.3.6. NiAsOx@SiO2 的抗癌性能考察 ............................................................. 34 
2.3.7. NiAsOx@SiO2 纳米药物的体内代谢行为............................................ 38 
2.3.8. 活体水平的肿瘤治疗.............................................................................. 39 
2.4. 本章小结 ················································································· 42 
2.5. 参考文献 ················································································· 42 
第三章 磁性纳米颗粒用于运载砷剂及肿瘤诊疗应用 .................... 46 
3.1. 引言 ······················································································· 46 
3.2. 实验部分 ················································································· 47 
3.2.1. 实验仪器.................................................................................................. 47 
3.2.2. 实验试剂.................................................................................................. 47 
3.2.3. 实验步骤.................................................................................................. 48 
3.2.4. 样品表征.................................................................................................. 51 
3.3. 结果与讨论 ·············································································· 51 
3.3.1. 四氧化三铁纳米颗粒的合成与表征...................................................... 51 
3.3.2. Fe3O4@SiO2-nCaAs 纳米药物运载系统的合成与表征........................ 52 
3.3.3. Fe3O4@SiO2-nCaAs 纳米药物运载系统的酸性释放............................ 54 
3.3.4. Fe3O4@SiO2-nCaAs 纳米药物表面两性离子修饰................................ 55 
3.3.5. Fe3O4@SiO2-nCaAs 体外 T2 磁共振成像 .............................................. 56 
3.3.6. 细胞水平药效研究.................................................................................. 58 
3.3.7. 活体水平的肿瘤诊断.............................................................................. 59 
3.4. 本章小结 ················································································· 61 
















第四章 砷剂纳米运载体系用于克服肝癌细胞耐药性的初步研究.. 63 
4.1. 引言 ······················································································· 63 
4.2. 实验部分 ················································································· 63 
4.2.1. 实验仪器.................................................................................................. 63 
4.2.2. 实验试剂.................................................................................................. 64 
4.2.3. 实验步骤.................................................................................................. 65 
4.2.4. 样品的表征.............................................................................................. 66 
4.3. 结果与讨论 ·············································································· 66 
4.3.1. FeAsOx@SiO2-DOX 纳米药物运载系统的合成与表征....................... 66 
4.3.2. FeAsOx@SiO2-DOX 纳米药物运载系统的酸性释放........................... 68 
4.3.3. FeAsOx@SiO2-DOX 纳米药物的细胞毒性及协同作用....................... 70 
4.4. 本章小结 ················································································· 71 
4.5. 参考文献 ················································································· 72 
第五章 总结与展望 ......................................................................... 74 
攻读硕士学位期间发表论文情况 ....................................................... 76 






























Table of contents 
v 
 
Table of contents 
Abstract in Chinese............................................................................... I 
Abstract in English ............................................................................ III 
Chapter 1 Introduction ........................................................................ 1 
1.1. Overview of anticancer drug delivery systems································· 1 
1.2. Applications of inorganic drug delivery systems ······························ 2 
1.2.1. SiO2 nanoparticles drug delivery system ................................................... 2 
1.2.2. Au nanoparticles drug delivery system ...................................................... 4 
1.2.3. Carbon nanotube drug delivery system...................................................... 5 
1.3. Functional modification of nanosized delivery systems ····················· 6 
1.4. Stimuli-responsive nanocarriers for drug delivery ··························· 9 
1.4.1. pH-responsive drug delivery systems ...................................................... 10 
1.4.2. Redox-responsive drug delivery systems................................................. 12 
1.4.3. Enzyme-responsive drug delivery systems .............................................. 13 
1.5. Multi-functional nanoparticles for drug delivery ···························· 14 
1.5.1. Nanocarriers for therapy and diagnosis ................................................... 14 
1.5.2. Nanocarriers for combination therapy ..................................................... 15 
1.6. Objectives and conception of this thesis ········································ 16 
1.7. References ··············································································· 17 
Chapter 2 Construction of core-shell arsenic trioxide (ATO) 
nanoparticles for effective solid tumor treatment .............................. 22 
2.1. Introduction ············································································ 22 
2.2. Experimental section ································································· 23 
2.2.1. Instruments............................................................................................... 23 
2.2.2. Materials and Reagents ............................................................................ 23 













Table of contents 
vi 
 
2.2.4. Characterization ....................................................................................... 27 
2.3. Results and discussion ······························································· 27 
2.3.1. Synthesis and characterization of NiAsOx nanocomplexes ..................... 27 
2.3.2. Synthesis and characterization of NiAsOx@SiO2 nanocomposites ......... 28 
2.3.3. pH-sensitive drug release ......................................................................... 30 
2.3.4. Surface modification with zwitterions ..................................................... 32 
2.3.5. Internalization of NiAsOx@SiO2 nanocomposites .................................. 33 
2.3.6. Cytotoxicity of arsenic-loaded nanoparticles........................................... 34 
2.3.7. Surface modification to improve in vivo behaviors ................................. 38 
2.3.8. In vivo therapy.......................................................................................... 39 
2.4. Summary ················································································ 42 
2.5. References ··············································································· 42 
 
Chapter 3 Engineering on magnetic nanoparticles for ATO delivery 
and their applications in tumor diagnosis and therapy...................... 46 
3.1. Introduction ············································································ 46 
3.2. Experimental section ································································· 47 
3.2.1. Instruments............................................................................................... 47 
3.2.2. Materials and Reagents ............................................................................ 47 
3.2.3. Experimenal procedures........................................................................... 48 
3.2.4. Characterization ....................................................................................... 51 
3.3. Results and discussion ······························································· 51 
3.3.1. Synthesis and characterization of Fe3O4 nanoparticles............................ 51 
3.3.2. Synthesis and characterization of Fe3O4@SiO2-nCaAs nanoparticles .... 52 
3.3.3. pH-sensitive drug release ......................................................................... 54 
3.3.4. Surface modification with zwitterions ..................................................... 55 
3.3.5. In vitro T2-weighted imaging ................................................................... 56 
3.3.6. Cytotoxicity of Fe3O4@SiO2-nCaAs nanocomposites ............................ 58 













Table of contents 
vii 
 
3.4. Summary ················································································ 61 
3.5. References ··············································································· 61 
Chapter 4 ATO-based nanomedicine to overcome multi-drug 
resistance in hepatocellular carcinoma cells ...................................... 63 
4.1. Introduction ············································································ 63 
4.2. Experimental section ································································· 63 
4.2.1. Instruments............................................................................................... 63 
4.2.2. Materials and Reagents ............................................................................ 64 
4.2.3. Experimenal procedures........................................................................... 65 
3.2.4. Characterization ....................................................................................... 66 
4.3. Results and discussion ······························································· 66 
4.3.1. Synthesis and characterization of FeAsOx@SiO2-DOX.......................... 66 
4.3.2. pH-sensitive drug release ......................................................................... 69 
4.3.3. Cytotoxicity and synergistic effects of FeAsOx@SiO2-DOX.................. 71 
4.4. Summary ················································································ 73 
4.5. References ··············································································· 73 
Chapter 5 Conclusions and outlooks.................................................. 75 
List of Publications ............................................................................ 77 











































































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
